understanding the factors that impact sleep in women is an important focus for clinical research. 11 Women report more sleep disturbance than men, but objective measures show less sleep disturbance. 12, 13 Measured objectively by polysomnography (PSG), sleep shows changes in architecture and distribution of sleep stages across the lifespan. For example, a meta-analysis by Ohayon et al 14 showed that important sleep measures such as total sleep time (TST), sleep efficiency (SE), percentage of slow-wave sleep (SWS), percentage of REM sleep, and REM latency significantly decreased with advancing age in adults. Conversely, measures of sleep typically associated with less restful sleep (sleep latency [SL] , Stage 1% and Stage 2% sleep, and wake after sleep onset [WASO] times) significantly increased with age. Furthermore, Ohayon et al found differences in quantitative sleep measures related to gender. Generally speaking, both sexes showed similar effects of aging on most sleep variables; however, larger effect sizes were observed in women for TST, SE, Stage 1 percentage, and REM latency, suggesting that aging had a greater impact on these variables in women than men. As well, women appeared to have longer TST and SL, lower Stage 2 percentage sleep, and greater percentage of SWS than agematched men. In addition to age-related changes, women also experience gender-specific physiological changes that potentially disrupt their sleep. Changes during the menstrual cycle, 15 pregnancy, 16 in the postpartum period, 17 and at menopause 18 are associated with alterations in qualitative and quantitative sleep measures. Women are also more predisposed to develop depressed mood, 19 especially during these periods of hormonal change 20 which may further compromise their nighttime sleep. Nevertheless, while subjective reports of sleep disturbances in association with disturbed mood, aging, and altered reproductive status (RS) are widely reported, carefully controlled studies of objectively measured sleep alterations associated with alterations in mood and RS are uncommon (see review in ref 21) .
Qualitative and quantitative sleep measures during the menstrual cycle
Research on sleep during the menstrual cycle in normal women has failed to show significant variation across the menstrual cycle in objective ratings of TST, SE, SL, REM sleep latency, or SWS. 22 However, Shechter, et al found that total REM sleep decreased and total Stage 2 and SWS increased during the luteal compared with the follicular phase. 23 In women with premenstrual syndrome (PMS) or premenstrual dysphoric disorder (PMDD), quantitative EEG studies show those with severe PMS experienced more WASO and microarousals during the late luteal phase compared with the follicular phase; however, comparable effects occurred in normal control (NC) women. 24 Compared with NCs, women with PMS/PMDD also showed increased REM latency in both menstrual phases, and increased slow-wave activity during the late luteal phase. Additionally, Parry et al found that women with PMDD had more Stage 2 and less REM sleep (minutes and percentage) than NCs, irrespective of menstrual phase. 25 Stage 3 sleep minutes also decreased, and intermittent awakenings increased during the late luteal phase in both symptomatic and asymptomatic women. [31] [32] [33] With regards to mood disturbance during pregnancy, few prospective studies have been performed. For example, women with a history of mood disorder appear to experience more sleep disturbance and a reduction in REM latency from early to late pregnancy. 34 Shorter (or longer) REM sleep during pregnancy has been found to precede postpartum mood disorders. 12 Field et al found more sleep disturbance in depressed than nondepressed women during the second and third trimesters. 35 In contrast, Skouteris et al found that sleep quality and depressive symptoms remained relatively stable across pregnancy; however, poor sleep quality early in pregnancy predicted higher levels of depression later in pregnancy, while depressive symptoms early in pregnancy were unrelated to sleep quality later.
Qualitative and quantitative sleep measures during pregnancy
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Qualitative and quantitative sleep measures during postpartum
As with pregnancy, few comprehensive, objective studies of postpartum sleep have been published. PSG studies in NC typically show a restoration of normal SE and WASO relative to pregnant levels by 3 to 5 months postpartum. Additionally, REM sleep typically decreases after delivery. 12 Coble et al, 34 in a home-based EEG study of women from 12 weeks' gestation through 8 months postpartum, found that the most significant effects on sleep were observed at 4 weeks postpartum, at which time sleep continuity became disrupted due to wakefulness (approximately 1 hour per night) associated with infant care. 34 In women with a history of depression, childbearing has been associated with greater changes in TST and with reduced REM latency. Studies indicate that depression risk increases substantially postpartum, 37 especially in women who report depression and sleep disturbances during the month before delivery; they also reported more depressive symptoms 3 months postpartum. 38 Frank et al 39 found that women with pregnancy-related depression showed longer REM sleep time and more REM activity.
Qualitative and quantitative sleep measures during menopause
Research on objective sleep measures in menopausal women has produced mixed scientific findings. In a study of 82 midlife women classified as poor or good sleepers according to either self-reported sleep quality or sleep efficiency, Shaver et al found that menopausal women showed more wakefulness and Stage 2 sleep and less REM sleep than good sleepers. 40 In one large epidemiologic study, 41 objective sleep quality was not found to be worse in peri-or post-menopausal women than in premenopausal women. In fact, postmenopausal woman had more deep sleep and significantly longer TST. Kalleinen et al found that while TST was similar in premenopausal and postmenopausal women, TST was significantly longer in younger women and SE was greater in younger women, while pre-and postmenopausal women had less SWS and a higher frequency and duration of WASO than younger women. 42 To our knowledge, few researchers have examined the effects of mood disturbance on PSG measures of sleep in menopausal women. One investigation 43 determined that depressive and/or anxiety symptoms were not significantly associated with shorter REM latency and/or lower levels of deep sleep as hypothesized from previously published research. In another report, PoloKantola et al found that impaired subjective sleep quality was associated with climacteric vasomotor symptoms, but did not manifest as abnormalities in PSG sleep recordings. 44 In an effort to clarify findings from the extant literature, we have, in this archival cross-sectional investigation, simultaneously examined the impact of mood, reproductive status (RS), and age on PSG measures of objective sleep in women. We hypothesized that these factors would contribute cumulatively to alter sleep architecture, thereby impacting the quality and quantity of sleep women experience across their reproductive lifespan.
Methods
Subjects
We obtained overnight PSG on 73 normal controls (NC) and 64 unipolar depressed patients (DP), in the course of studies of clinical depression in menstruating, pregnant, postpartum, and women in peri-and post-menopause.
Data for this report were collected between November 1989 and July, 2010. Participant recruitment procedures are described in detail elsewhere. 45 Briefly, prospective subjects residing in San Diego, California were screened via telephone. Women were eligible to participate if they did not: i) smoke; ii) use hormonal contraceptives; or iii) use medications, herbs, or over-the-counter preparations (eg, antihistamines, asthma medications, valerian root, black cohosh, melatonin, St John's Wort, and/or decongestants with epinephrine [pseudoephedrine] ) that would interfere with neuroendocrine measures. As per Benloucif et al, Tylenol was permitted (but not aspirin). 46 Participants agreed to multiple overnight hospital stays in the General Clinical Research Center, where they were permitted to bring their child if necessary. Eligible women underwent the following laboratory tests: a chemistry panel, thyroid indices, complete blood count, urinalysis, and urine toxicology screening. Eligible women could not have significant medical illness, and women who were receiving drug treatment were required to discontinue any medication that would interfere with study measures. We required DP women to discontinue antidepressant treatment ≥2 weeks (≥4 weeks for fluoxetine treatment) before the start of the study. For participants who stopped antidepressant use prior to the study, their baseline mood ratings were obtained only after antidepressant withdrawal. In addition to ratings done during the evaluation phase, we also collected mood ratings on the evening before the PSG data collection. No participants were permitted to have had an alcohol abuse or dependency problem within the past year. Women with bipolar or primary anxiety disorders were excluded from the study, but women with personal or family histories of unipolar depression were included in both the NC and DP groups. To establish DSM-IV entrance and baseline criteria, trained clinicians administered the following assessments to each participant: the Structured Clinical Interview for DSM-IV (SCID) 47 and at least two baseline evaluation ratings, scheduled 1 week apart, using objective ratings with the Structured Interview Guide for the Hamilton Depression Rating Scale, Seasonal Affective Disorders (SIGH-SAD version), 48 which includes the 21-item Hamilton Depression Rating Scale 49 and an eight-item atypical depressive symptom inventory, 50 plus subjective ratings with the Beck Depression Inventory (BDI). 51 We also evaluated mood in pregnant and postpartum women with the Edinburgh Postnatal Depression Scale (EPDS), 52 which has been validated for use during pregnancy. 53 For study inclusion, DP women were required to have a mean SIGH-SAD score ≥14 and BDI and EPDS scores ≥10 for 2 weeks. In postpartum women, the onset of a major depressive episode needed to be within 3 months postpartum. Normal control subjects were required to have a mean SIGH-SAD score ≤8 and a mean BDI score ≤5. We based diagnosis of PMDD subjects, in part, on daily mood ratings showing symptoms of major depression in proximity to menstruation for two consecutive menstrual cycles. 54 We studied menstruating women twice, once in the follicular and once in the luteal menstrual phase, one full cycle apart, based on the time of the mid-cycle luteinizing hormone (LH) surge using a colorimetric urinary immunoassay (Clearblue® colorimetric LH assay, Princeton, New Jersey) to document ovulation. (We report here only the data from the luteal phase, the time period when PMDD symptoms appear.) Finally, three of 21 NC women were perimenopausal, with irregular menses for at least 1 year; the remaining NC women were postmenopausal, being without menses for at least 1 year. One depressed woman was perimenopausal; the remaining 10 depressed women were postmenopausal, without menses for at least 1 year, who met DSM-IV criteria for a major depressive episode. 55 To confirm verbal reports, postmenopausal status was also verified by FSH > 40 mIU/mL at the time of testing.
Procedure
Women who met entrance criteria were admitted to the University of California San Diego (UCSD) General Clinical Research Center (GCRC) at 16:00 h. Following one night of adaptation to the sleep room, licensed nurses inserted an intravenous catheter at 17:00 h. and drew blood (3 cc) every 30 min from 18:00 h to 11:00 h. for measurement of hormone levels (reported elsewhere). To minimize sleep disturbances, nurses withdrew blood samples from an adjacent room, through an intravenous catheter connected to a tube threaded through a porthole in the wall. Serum for E2 and P4 was obtained at 18:00 h and again at 6:00 h. Participants remained on bed rest in a single room with double doors, with windows covered with heavy drapery to block extraneous light from entering between 16:00 h and 11:00 h. Nurses or sleep technicians entered the room only when necessary (recorded by infrared camera), using a pen-sized dim red flashlight.
C l i n i c a l r e s e a r c h
Sleep measures
Sleep studies were conducted during two consecutive nights in the J. Christian Gillin Laboratory of Sleep and Chronobiology. The first night was used to acclimate subjects to the sleep laboratory environment and to rule out intrinsic sleep disorders other than insomnia. We analyzed sleep measures only from the second, postadaptation night. (Women studied during the menstrual cycle had adaptation nights before both the follicular and luteal phase measurements. This report includes only the data from the luteal phase.) Subjects were required to be in bed by 22:00 and were allowed to sleep and awaken at their habitual wake time. The recording montage consisted of a minimum 10 electrophysiologic signals. The basic montage included 2 electrooculograms (EOGs) referenced to a single mastoid, 6 EEGs referenced to linked mastoids [F3, F4, C3, C4, O1 and O2], a bipolar mentalis electromyogram (EMG), and an electrocardiogram (ECG). Several measures, in addition to our core montage, were obtained. These included 1 channel of nasal/oral airflow and 2 channels of leg-related motor activity (right and left tibial EMGs). The airflow and tibial data were used to detect obstructive sleep apnea (OSA) and periodic limb movements (PLMs), respectively. The second PSG night was used to characterize subjects' sleep. The montage was the same as the first night except that OSA and PLMs were not measured. All-night PSG recordings (EEG, EOG, submental EMG) were digitized, stored on optical discs and scored visually in 30-second epochs without knowledge of conditions for sleep stages according to Rechtschaffen and Kales 56 criteria by trained sleep technicians (inter-rater reliability coefficient 0.85). We measured PSG-derived TST, SL, SE, WASO, and percentages of Stages 1-4, slow wave sleep (SWS: sum of Stage 3 and 4), and REM, as well as REM latency, and REM density. The UCSD Institutional Review Board approved the study protocol. All subjects gave written informed consent after study procedures were explained fully.
Statistical analyses
Subject RS was incompletely crossed with age; eg, menstruating, pregnant, and postpartum women spanned ages from 19 to 46, but none were over 46 years of age. Therefore, to assess effects of RS and age on PSG, we analyzed the data using two approaches:
Reproductive status x diagnosis
We used a two-factor, between subjects multivariate analysis of variance (MANOVA) to test the main effects of RS (menstrual vs pregnant vs postpartum vs menopausal) and diagnosis (NC vs DP), and their interaction, on PSG measures. To control for the contribution of age to the RS differences, we reanalyzed the results including age as a covariate in the MAN-COVA in those cases where its significance was P< .10. When the main effect of RS was significant, we did post-hoc comparisons of paired reproductive epochs, using the Bonferroni adjustment for multiple comparisons.
Age category x diagnosis
To further refine our analyses of age effects on PSG measures, we used a two-factor, between-subjects MANOVA to test the main effects of age category (19-27 vs 28-38 vs 39-72 vs 46+ years of age) and diagnosis on our PSG data. When the age category was significant as a main effect we reanalyzed the results applying RS as a covariate in the MANCOVA only in cases where RS reached a significance level of P<.10. As above, we used Bonferroni-adjusted paired comparisons for post-hoc analyses of significant main effects of age category.
Results
Subject characteristics
Complete data were obtained from 73 NC and 62 DP. Table I shows the distribution of women at different reproductive stages along with their ages and SIGH-SAD scores at the time of data collection. Detailed descriptions of subject characteristics are provided in Parry et al. [57] [58] [59] None of the pregnant participants brought children to the GCRC on test nights. Six of 13 postpartum NC women brought their children and nursed them on test nights; two others pumped their breasts but did not nurse children in the GCRC. Statistical analyses of total sleep time, sleep latency, sleep efficiency, and wake after sleep onset showed no significant differences between NC and DP groups as a function of breastfeeding status, child's presence in the room, or their interaction. 
Effects of reproductive status and diagnosis on polysomnographic measures (with age as a covariate)
The omnibus MANOVA (without covariate) was highly significant for RS (P< .00001) but was non-significant for diagnosis (P=.364) and the RS x diagnosis interaction (P=.811). Univariate ANOVA showed significant effects of RS in 11 of the 14 PSG variables examined. However, the covariate of age was correlated to a substantial degree (P<.10, at least) in five of the PSG measures, and after including age as a covariate in the analyses, significant main effects of RS were obtained for SE (P=.027), SL (P=.041), S1 % (P=.008), S3% (P=.0001), SWS % (P=.0001), and REM density (P .020) (Table II) . Pair-wise comparisons of age-adjusted significant values (with Bonferroni correction) are displayed in Figure 1 . We found only one significant mood-related effect: REM percentage was significantly greater in DP vs NC across RS groups (Group means + SEM = 22.3+0.9 vs 19.6+0.8%, F(1,130) = 5.335, P .022) as illustrated in Figure 2 .
Effects of age category and diagnosis on polysomnographic measures (with reproductive status as a covariate)
The omnibus MANOVA (without covariate) was significant for age category (P< .00001) but was non-significant for diagnosis (P=.127) and the age category x diagnosis interaction (p = .728). Univariate ANOVA showed significant effects of age category in 8 of the 14 PSG variables examined. However, RS was correlated with four of the PSG measures to a substantial degree (P< .10, at least), and after including RS as a covariate in the analyses, significant main effects of age category were obtained for TST (P=.001), SL (P=.037), S2 % (P=.019), S3 % (P=.001), S4% (P=.0001), and SWS % (P=.0001)( Table II) . Pair-wise comparisons of age-adjusted significant values (with Bonferroni correction) are displayed in Figure 3 . 
Discussion
We evaluated objectively measured PSG sleep cross-sectionally in women, examining the combined effects of mood, reproductive status, and age on sleep parameters. Given the unique challenges to sleep that women may face during periods of reproductive change, we sought to elucidate the contribution of these changes to sleep alteration, beyond those accounted for by the aging process alone.
In the first level of our analyses we examined the contribution of depressed mood on PSG. Contrary to expectation, we found a reliable effect of depressed mood on only one PSG measure: REM percentage, which was significantly elevated in DP versus NC across both RS and age.
A.
Mean sleep latency (min)
0 M e n s t r u a l P r e g n a n t P o s t p a r t u m M e n o p a u s a l 
C.
Mean stage 1 (%) 0 M e n s t r u a l P r e g n a n t P o s t p a r t u m M e n o p a u s a l 
E.
Mean slow-wave sleep (%) 0 M e n s t r u a l P r e g n a n t P o s t p a r t u m M e n o p a u s a l 
D.
Mean stage 3 (%)
B.
Mean sleep efficiency (%) 0 M e n s t r u a l P r e g n a n t P o s t p a r t u m M e n o p a u s a l These results are consistent with earlier evidence showing increased REM percentage as a characteristic marker of sleep in depressed individuals (eg, Frank et al, 39 Walker
60
) and a decrease from baseline in REM percentage in depressed patients during recovery. 61 With this exception of REM percentage, the absence of reliable changes in objective sleep measures in depressed women across ages and reproductive epochs confirms earlier findings (see review in ref 20) , and raises the question: why are subjective complaints of sleep disturbances in depression not uniformly confirmed by PSG analysis? While our data cannot provide a definitive answer, it is conceivable that measurements made under strictly controlled laboratory conditions lack sufficient ecological validity relative to natural sleep, thereby leading to systematic underestimates of the sleep alterations depressed women experience under natural conditions. 29, 62, 63 Alternatively, subjective reports may actually provide an accurate representation of a patient's sleep, but procedures by which "objective" sleep is measured may fail to identify small EEG differences (ie, microarousals and high-frequency EEG) that may contribute to the perception of poor sleep. 64, 65 Consistent with other reports 14 we also observed a trend toward decreased REM percentage across the lifespan which was observed only in the NC but not DP women. Conversely, the lack of difference in other objective PSG sleep measures between the groups appears to be at odds with studies that have found that DP typically exhibit reduced REM latencies, as well as increased SL, and WASO. 60 While our investigation failed to find compelling evidence for sleep alterations in DP versus NC, some evidence did emerge supporting the observation that mood disturbance in DP women may lead to changes in REM sleep over the reproductive lifespan. In the second level of our analyses we examined the contribution of RS and age on sleep. As Table II shows, our analyses revealed that PSG measures differed in response to changes in RS, age, or both, while some differed in response to neither. For example, significant differences in SE, Stage 1 percentage, and REM density were associated primarily with differences in RS rather than age; differences in TST, Stage 2 percentage, and Stage 4 percentage were associated primarily with differences in participant's ages, rather than their RS. On the other hand, both RS and age were related significantly to differences in SL, Stage 3 percentage, and SWS percentage. Finally, WASO, REM percentage, and REM latency did not vary significantly with changes in either RS or age. To examine these results more completely we ran a separate multivariate analysis on RS, including age as a covariate in those instances where age contributed substantially to the dependent variable(s) of interest. Results of these analyses showed that menstruating women had significantly shorter SL than postpartum women and greater SE than menopausal women. Menstruating women also had significantly less light (Stage 1 percentage) sleep relative to pregnant and menopausal women and less Stage 3 percentage sleep than pregnant and postpartum women. Postpartum women, however, appeared to have the most deep sleep (highest SWS percentage) of the groups, especially when compared with menstruating women. Since this is a novel investigation examining PSG sleep across RS, it is unclear how these findings relate to previously published literature on specific RS groups. The observation that postpartum women had the most SWS activity could be interpreted in the light of likely sleep pressure brought on by infant care needs. Since the PSG was performed in a clinic environment, it is possible that postpartum women may have been able to use this setting to "catch up" on needed rest while experiencing a break from their normal nocturnal responsibilities at home. When age was examined separately in the multivariate analyses using RS as a covariate age groups differed on several PSG variables. More specifically, the paired comparison data (Figure 3) showed that older women (46 Mean REM (%) 10 M e n s t r u a l P r e g n a n t P o s t p a r t u m M e n o p a u s a l C l i n i c a l r e s e a r c h health, functioning or mood. As such, further examination of these findings may reveal how these age-related changes impact individual well-being. In summary, this investigation simultaneously examined three major variables (mood, RS, and age) that are known to impact sleep in women. We found that age appeared to have the greatest impact on PSG sleep measures, though RS showed considerable overlap with age and was independently related to significant changes in several PSG measures, most notably SE. Conversely, mood effects on PSG measures were minimal, being restricted to REM percentage. As expected, younger and menstruating women experienced better sleep versus older and menopausal women, although postpartum women obtained the most SWS of any group. Taken together, the results of this study support the hypothesis that significant differences in PSG result from changes that women experience across the reproductive lifespan. Therefore, researchers and clinicians need to be cognizant of these factors when designing studies and/or dealing with clinical issues related to women's health.
Limitations
The primary limitation to the study is the cross-sectional nature of the sample. 
